Summary. The levels of proinsulin, immunoreactive insulin, true insulin (calculated from the difference, namely immunoreactive insulin-proinsulin) and C-peptide were determined in the fasting state and during a 3-h oral glucose tolerance test after administration of 100 g of glucose in 12 patients with cirrhosis with normal oral glucose tolerance test (50 g) and in 12 healthy subjects serving as controls. In the patients with cirrhosis the serum levels of proinsulin and immunoreactive insulin were significantly higher in the fasting state and after glucose loading than in the healthy subjects. The serum level of true insulin was also higher in the patients with cirrhosis, but the difference was less pronounced and only significant at a few of the time points. The serum level of C-peptide was very similar in both groups. These results emphasize that cirrhosis is a condition in which the serum proinsulin level is raised and that this hyperproinsulinaemia contributes greatly to the increased immunoreactive insulin levels observed in patients with this disease.
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After the introduction of a radioimmunoassay for serum (plasma) insulin determination (IRI) many authors reported raised levels of this hormone in the peripheral blood of patients with cirrhosis [1, 5-7, 9, 16-19] . In recent years, new techniques for studying the fate of insulin released from the B cells of pancreatic islets have become available by determination of C-peptide and proinsulin in the peripheral blood.
C-peptide is released in equimolar amounts to insulin from the B cells and, contrary to the latter, it passes nearly completely into the systemic circulation; thus its concentration in the peripheral blood reflects the functional capacity of the B cells more accurately than the IRI level [2] . On the other hand, there is increasing evidence that proinsulin accounts for a large part of IRI. Therefore, when determining the level of true insulin in the serum, proinsulin must be subtracted from the total IRI value. Thus, it has been shown that in certain situations, e.g. in the late stage of an oral glucose tolerance test (GTI), the molar concentration of serum proinsulin may be two to three times higher than that of true insulin [13] .
In this investigation, B cell secretion and the composition of IRI in the blood of patients with cirrhosis were evaluated and compared with that of control subjects.
Patients and Methods
The investigations were carried out in 12 patients with cirrhosis and 12 healthy subjects. The group of patients comprised eight men and four women (aged 32-60years; mean age 52.2years) with a body weight index varying from 0.75-1.42 (mean 0.98+ 0.17). All subjects studied were informed about the intended investigations and their aim and consented to participate. In the patients with ascites and/or oedema, the investigation was carried out after complete disappearance or greatest possible reduction of these signs and always at least 3 days after withdrawal of diuretics and when normal serum sodium and potassium levels were established. All patients formed a fairly homogenous group with respect to progression of disease. The clinical data of the patients and control subjects are shown in Table 1 . Cirrhosis was decompensated in all cases and the diagnosis was based on the results of physical examination, laboratory investigations (serum protein fractions, bilirubin level, bromsulphalein retention) and radiological examination of the oesophagus. In 11 patients the diagnosis was confirmed by histological examination and was further characterized by a 50-g oral GRIT. In six cases the result of the oral GTT with 50 g glucose was normal according to the criteria of the EASD, in six cases the blood glucose level at 1 h was in the borderline range, and in three patients from this subgroup it exceeded the borderline range slightly at 2 h ( Table 1) .
The control group comprised 10 men and two women (aged 32-59years (mean age 48.3 years), and their body weight index ranged from 0.77-1.12 (mean 0.97 + 0.14). None had a family history of diabetes. They had no evidence of hepatobiliary disease, renal dysfunction or endocrine disturbances. In 10 healthy subjects the result of the 50-g oral GTr was normal, according to the criteria mentioned above and in two other cases the blood glucose level at 1 h was within the borderline range. A comparison of the mean blood glucose levels during this oral GTI" showed a significantly higher value in the patients with cirrhosis at 1 h (9.27 versus 7.65 mmol/1, p = 0.006, Table 1 ).
For 3 days preceding the test the patients remained on a diet containing approximately 300 g carbohydrates (70 g protein and 50-70 g fat); the test was performed always after a 12 h overnight fast. The investigation included determination of blood glucose and serum levels of total IRI, C-peptide and proinsulin in the fasting state and after a second oral glucose loading of 100 g. The 100 g dose was chosen in order to be able to compare the results obtained with those reported in the literature.
Blood samples were taken from an antecubital vein via an indwelling catheter 30 and 5 rain before and 15, 30, 45, 60, 75, 90, 120 and 180min after the intake of the test dose of glucose. The serum was centrifuged, frozen and stored at -20 5C until peptide determination. The blood glucose level was determined by the hexokinase method and peptides by radioimmunoassay, i.e. IRI by the double-antibody technique, using kits obtained from the Institute of Nuclear Research, Swierk, Poland. The detection limit (defined as the smallest quantity distinguishable from zero point = 250) was 2.5 mU/1 and the coefficient of variation 10%. C-peptide was determined by Heding's method using M 1221 antibodies with a very high specificity [11], the detection limit was 0.01 nmol/l and the coefficient of variation 10%. Proinsulin also was determined ad modum Heding: (1) binding of proinsulin, insulin and other IRI substances by sepharose-bound insulin antibodies; (2) binding by proinsulin of antibodies to C-peptide using M 1229 [12] . The detection limit was 0.002 nmol/1 and the coefficient of variation 15%.
The concentration of true insulin in the serum was calculated by subtraction of the proinsulin value from the IRI value (mU/1), based upon the finding that proinsulin has 66% of the immunological activity of insulin, i.e. that 0.01 nmol/1 proinsulin reacts as 1 mU/1 of IRI [13] . The results are presented as mean _+ SD, and the statistical significance of the differences in the compared groups was determined using Student's t-test and regarding p< 0.05 as the minimum significance value.
Results

Blood Glucose Levels
After a 100-g oral glucose load the difference in the mean blood glucose levels between the two groups was more pronounced (Table 2 ). In patients with cirrhosis the mean blood glucose level was significantly higher than in healthy subjects at nearly all time intervals. However, it did not reach values defined as typical of diabetes [20] . At 120 rain the mean blood glucose level was 9.01 + 2.07 mmol/1. In two patients only were higher values found (11.1 and 13.4 mmol/1).
Serum Proinsulin Concentration
In healthy subjects the serum proinsulin concentration rose gradually from 0.02nmol/1 to 0.25nmol/1, (> tenfold increase over basal values) between 90 and 120 min after glucose intake and remained significantly elevated up to 3 h (Table 2) .
In patients with cirrhosis, the curve of the mean serum proinsulin had a similar shape, but higher levels were observed at all time intervals and, excepting at 60 and 75 min, the difference from the control group was significant (p= 0.0039-0.001), and greatest at the end of the test.
IRI and True Insulin Serum Concentrations
The serum IRI concentration was significantly higher in the fasting patients with cirrhosis than in healthy subjects (0.091 versus 0.043 mU/l, respectively, Table 2 ). It Table 2 . Blood glucose and serum concentrations of proinsulin, IRI, true insulin and C-peptide on fasting and after oral loading with 100 g glucose in healthy subjects and patients with cirrhosis Results expressed as mean -+ SD; number of subjects in parentheses was significantly higher also after 100 g glucose from minute 45 of the test onwards; the significance of the difference increased the longer the duration of the test (p = 0.048-0.003). At 3 h the mean serum IRI level in the group of patients with cirrhosis was three times higher than in the control group. After correction for the share of proinsulin in the IRI value, the calculated value of true insulin was also higher in the group of patients with cirrhosis than in healthy controls.
This difference was, however, not so pronounced as in the case of IRI and was statistically significant only in the fasting state and at 60 and 90 rain after glucose intake. At 3 h, when the difference between the serum IRI concentration reached the highest significance, the difference between true insulin values was not significant (p=0.071).
Serum C-Peptide Concentrations
In healthy subjects the serum concentration of C-peptide after 100 g oral glucose load increased rapidly to a maximum value of 2.6 nmol/1 at 90 rain, and from 120 min onwards it decreased (Table 2 ). In patients with cirrhosis, the course of the curve of the mean serum Cpeptide value was similar in shape and absolute values to that of healthy subjects. Only in the fasting state and at the end of the test were the mean serum C-peptide values significantly higher in patients with cirrhosis (1.01 versus 0.45 nmol/1; p= 0.033).
Discussion
The above results confirm the well known clinical observations that cirrhosis is a condition contributing to the development of disturbances in carbohydrate metabolism [1, 3, 5, 7, 17] . The results of the present investigations, giving a more accurate interpretation of the increased serum IRI concentration in the fasting state and after an oral glucose load, are of particular significance since they demonstrate that the higher values in patients with cirrhosis depend to some extent on the serum proinsulin concentrations, which are higher in both the fasting state and, particularly, in the later phase of an oral GTT. After calculation of true insulin it was found that the serum level of this hormone in patients with cirrhosis was also higher than in healthy subjects, but the difference was less significant than in the comparison of serum IRI concentrations.
In the fasting state the higher C-peptide and IRI concentrations are consistent with a hypersecretion of insulin. However, after glucose stimulation the lack of difference in serum C-peptide concentration between the cirrhotic group and the control group indicates that the true hyperinsulinaemia observed in patients with cirrhosis is not a result of hypersecretion of insulin (cf. 8, 14) . Direct determination of the IRI level in portal blood as reported by Greco et al. [10] could even suggest reduced insulin secretion in cirrhosis.
On the other hand, studies by Johnston et al. [15] carried out in patients with long-standing portal blockade and normal histological pattern of the liver, have demonstrated that excess insulin observed in the extrahepatic blood of these patients was not due to liver bypass by this hormone. A possible explanation of the peripheral hyperinsulinaemia in blood of patients with cirrhosis is the reduced uptake/degradation of this hormone by the liver. The unsolved question remains, however, whether the reduced insulin uptake is caused by decreased degradation of insulin due to the liver changes, or whether this is an active process of adaptation to maintain increased insulin supply to meet an increased demand of the peripheral tissues for this hormone.
The results presented in this study also confirm previous observations concerning high serum proinsulin level in the later phase of an oral GTT [13] . This confirmation means that in this phase of the test, the molar serum concentration of proinsulin prevails that of insulin. These observations, together with the detailed analyses of the blood levels of proinsulin, IRI, and true insulin presented here, suggest that many earlier views concerning blood insulin changes based on IRI determinations will have to be revised.
